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(54) Improvements in glass coated with light transmitting silver coatings 

(57) Bent and/or toughened silver coated glass having high light transmission and low emissivity is produced by 
depositing layers of additional metal, which may be deposited substantially free from oxygen, ie by sputtering in the 
absence of oxygen but may be deposited in partially oxidized form, over, or both under and over, the silver layer. When 
the additional metal is used over the silver layer and is pure metal, it is selected from aluminium, titanium, zinc and 
tantalum. When the additional metal is used both under and over the silver and is pure metal, it is selected from 
aluminium, titanium, zinc, tantalum and zirconium. The additional metal is used in an amount such that the light 
transmissionofthecoated glass 

glass is heated in airto a temperature above thesofteningtemperatureoftheglass, eg of at least 70 /o of that of the 

""^eSItS'glasB also possesses an outer anti-reflection metal oxide. In the case of using oxidized metal layers 
either!) oxld^ 

solely over the Ag layer, in both situations there being a further anti-reflection metal ox.de layer in contact with the 
substrate 

The bent and/or toughened coated glass fs useful forarchitectural glazing and as vehicle windows. 
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SPECIFICATION 
Coated glass 

5 The invention relatesto glass substrates coated with light transmitting silver coatings, and to the production 5 
and processing of such silver coated glass substrates. 

It is known that transparent glass substrates with a thin silver coating, typically 5 nm to 30 nm thick, maybe 
produced with a high light transmission and lowemissivity i.e. which reflect a high proportion of infra-red 
radiation incident upon them but allow visible radiation to pass through. The use of such coatings on window 

10 glass (or plastics used in glazings) leads to a reduction in heat loss and results in valuable savings in heating 10 
costs. For optimum light transmission, the silver layers are sandwiched between thin anti-reflection layers of 
metal oxide. Such low emissitivity coatings include a thin layer of silver sandwiched between layers of metal 
oxide are described, for example, in European patent specification EP 0 035 906 and UK patent specification 
GB2 129831. 

1 5 According to European patent specification EP 0 035 906, a thin layer of material selected from the group 1 5 
consisting of titanium, zirconium, silicon, indium, carbon, cobalt and nickel is deposited between the silver 
and the overlying metal oxide layer to improve the long term durability of the coating. This additional thin 
layer has a thickness in the range 0.3 nm to 10 nm, preferably 1 nm to 5 nm. In each case, the thickness is 
selected to be sufficient to improve the durability of the coating, but not so great as to cause an unacceptable 

20 reduction in the lighttransmission of the coated product. The specification teaches that the coated substrate 20 
should preferably have a lighttransmission of at least 60% although the specification does include some 
Examples of coated substrates which have a lighttransmission of lessthan 60%; most of these are 
comparative Examples, but two. Examples 56 (lighttransmission 58%) and Example 58 (lighttransmission 
56%) are designated Examples of the invention. Their low light transmission are due, in part, to the absence 

25 of an anti-reflection metal oxide between the silver layer and the glass (Example 56) or overthe silver layer 25 
(Example 58). In all the Examples, the coatings are on plastics substrates. 

UK patent specification GB 2 129831 is concerned with problems which arosewhen attempts were made 
to apply the metal oxide layer overlying the silver layer by a reactive sputtering process in the presence of 
oxygen. Under these conditions, the low emissivity properties of the silver layer were lost, and the light 

30 transmissionoftheproductwassubstantially lowerthan expected. These problems were overcome, 30 
according to patent specification GB 2 129 831, by sputtering an additional metal or metal other than silver in 
an amount equivalentto a layer 0.5 nm to 1 0 nm thick onto the silver layer. 

U.K. patent specification GB 2 1 29 831 recommends the use of additional metal in an amount justsufficient 
to achieve the required lowemissivity while obtaining a coating of the maximum possible lighttransmission. 

35 Unfortunately,coatedgIassproducedaccordingtoUKpatentspecificationGB2129831 isnotstableto 35 
heating in air, and the coating loses its properties of lowemissivity and high lighttransmission when the 
coated glass is subjected to a thermal cycle required for bending ortoughening the glass. Thus, in orderto 
obtain a toughened or bent glass substrate bearing a silver coating and having high lighttransmission, it has 
been necessary to bend and/ortoughen and glass substrate first, and then to apply the silver coating to the 

40 bent and/or toughened glass. . 40 

This difficulty has been overcome, in accordance with the present invention, by depositing an additional 

metal, in an amount greaterthan required in accordance with the teaching ofUKpatentspecificationGB 

21 29831 , overthe silver layer. The presence of the additional metal reduces the tight transmission of the 

coating belowthe optimum value. However, it isfound, surprisingly, that when the coated glass substrate is 
45 heated in a bending and/ortoughening cycle not only does the coated glass maintain its lighttransmission, 45 

the lighttransmission of thecoating actually increases. The emissivity of the coated glass may 

simultaneously be reduced. 
According to the present invention there is provided a processforthe production of a bentand/or 

toughened silver coated glass substrate which comprises subjecting a glass substrate with a coating 
50 comprising 

a silver layer 5 nm to 30 nm thick, 

a layer of additional metal selected from aluminium, titanium, zinc and tantalum overthe silver layer, 
and an anti-reflection metal oxide layer over said layer of additional metal 

to a bending and/or toughening cycle in which it is heated to a temperature above the softening point of the 
55 glass, whereby the coated glass develops an increased lighttransmission during the bending and/or 55 

toughening cycle. . . . 

The additional metal is preferably deposited substantially free from oxygen i.e. by sputtering in the 
absence of oxygen, but may be deposited in partially oxidised form (e.g. as a metal oxide which contains a 
lower proportion of oxygen than the stoichiometric form of the oxide the metal forms in its highest valency 

60 state) provided the metal retains sufficient capacity to react with available oxygen and protect the silver 60 
during the bending and/ortoughening cycle. m . 

Theexpression "softening point" used herein refers to the temperature at which the glass is just beginning 
to soften. In the present context, it is equivalent, for practical purposes, to the anealing point(defined in 
Standard C598-72of the American Society for Testing Materials). In practice, as is well known in the art, glass 

65 isgenerally heated significantly above the softening pointfor bending and/ortoughening. 65 
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In a typical bending process, a coated sodalime silica glass substrate is heated in air at a temperature in the 
range 570°C to 620°C, allowed to sag in a mold of desired curvature, and the bent glass annealed. . 

In a typical toughening process, a coated soad lime silica glass substrate is heated in air at a temperature in 
the range 600°C to 670°C, optionally bent, and rapidly cooled to toughen it. The glass may be cooled by 
5 blowing air onto the glass surface. 5 
Samples of glass processed in accordance with the invention were analysed by Auger electron 
spectroscopy. In Auger analysis, a beam of electrons (the primary beam) is directed onto the surface to be 
analysed, and the elements present in the surface are characterised and quantified by examining the energy 
spectrum of secondary electrons emitted from the surface. The surface atomic layers are then removed by 

10 argon ion etching to expose sub-surface atoms which are then characterised and quantified as described io 
above. The etching and analysis steps are repeated to built up a profile of the composition of the surface 
layers to the require depth,forexample the thickness of the coating. The analysis showed that, whenthe 
additional metal used was aluminium or zinc, after bending and/or toughening, the additional metal isfound 
both above and belowthe silver layer. It is believed thatthe aluminium and zinc migrate through thesilver 

15 layerduring the bending and/ortoughening cycle. 15 
Arising from this discovery,' it has been found that, instead of depositing all the required additional metal 
over the silver layer, part of the additional metal may be deposited uhderthe silver layer. Moreover, when the 
additional metal is divided, with part deposited over the silver and part deposited under the silver, zirconium 
is also effective as the additional metal. 

20 Thus,accordingtoafurtheraspectof aspect of thepresentinvention,thereis provided a processforthe 20 
production of a bent and/ortoughened silver coated glass substrate which comprisessubjecting a glass 
substrate with a coating comprising a layer of additional metal selected from aluminium, titanium,zinc, 
tantalum and zirconium over the substrate, a silver layer 5 nm to 30 nm thick over said layer of additional 
metal, a further layer of additional metal selected from aluminium, titanium, zinc, tantalum and zirconium 

25 overthe silver layer, and an anti-reflection metal oxide layer oversaid further layer of additional metal to a 25 
bending and/ortoughening cycle in which it is heated to a temperature above the softening point of the glass, 
whereby the coated glass develops an increased lighttransmission during the bending and/ortoughening 

^kis believed thatthe additional metaldeposited over and/or under the silver layer becomes oxidised 
30 during the bending and/or toughening cycle taking up available oxygen; the silver layer is thus protected 30 
from the effect of oxygen so thatthe desired low emissivity (high infra red reflection) of the product is 
maintained, with an increase in the light transmission of the product resulting from the oxidation of the 
additional metal to metal oxide. 
Theamount of additional metal required depends upon the toughening and/or bending cycle to which the 
35 coated glass is to be subjected, and the degree of oxidation of the additional metal. In general, the higherthe 35 
temperature and the longer the glass is hot, the greaterthe amount of the additional metal required; the 
lowerthe temperature, and the shorterthe time the glass is hot, thesmailerthe amount of additional metal 
required. The time required to heata glass pane to the temperature required for bending ortougheningwill 
generally be longerthe thicker the glass. Thus, as a general rule, the thicker the glass, the greater amount of 
40 additional metal required. 40 
Thustheamount of additional metal used may be regulatedin accordance with the temperature to which 
the glass is heated and the duration of the heating cycle employed in the bending and/ortoughening cycle to 
maximise the lighttransmission of the bent and/ortoughened product. 
The amount of additional metal used is preferably selected so thatthe coated glass has the maximum 
45 possible lighttransmission afterbendingan^ . 45 

amount of additional metal such thatthe lighttransmission of the coated glass increases by at least 10% of its 
original value on bending and/ortoughening. 

The coated glass substrate usually has a lighttransmission of less than 70%, generally in the range 30% to 
70%, before bending and/ortoughening, the exact lighttransmission depending on the particular additional 
50 metal usedandthe bending and/ortoughening cycle to be used. On bending and/ortoughening, the coated 50 
substrates will usually develop an increased lighttransmission of at least 70%, more preferably products 
have a lighttransmission of at least 75%, more preferably at least 80%, with an emissivity of less than0.2, 
after bending and/ortoughening. 
The lighttransmission figures quoted are for coatings on clear glass substrates. It will be appreciated that 
55 the present invention is also applicable to the coating of body coloured glass (which has an inherently lower 55 
lighttransmission than clear glass) which is to be subsequently bent and/ortoughened. Generally, whether 
the glass substrate is clear or coloured, the total amount of the additional metal used is selected so thatthe 
lighttransmission of the bent and/ortoughened coated glass is at least 80%, and preferably at least 90%, of 
the lighttransmission oftheuncoated substrate. 
60 The amounts of additional metal deposited over an optionally under the silver layer have been referred in 60 
terms of their effects on the lighttransmission of the product because the physical thicknesses are, as 
described hereafter, difflcultto determine. However, from the determinations which have been made, it is 
believed that it will usually be necessary to use the additional metal in an amount equivalent to a single metal 
Iayeratleast4nmthickortwolayershavingatotalthicknessofatleast4nm)inordertoprovideadequate 
65 protection forthe silver layer during bending and toughening. It is further believed thatthe amount of 65 
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additional metal used should preferably be less than required to form a single layer 15 nm thicMbeing 
equivalent to two layers having a total thickness of less than 1 5 nm) in order to ensure sufficient oxidation of 
the metal during bending or toughening to provide adequate light transmission in the bent and/ortoughened 
product. The more highly oxidised the additional metal present, thegreaterthe amount required to take up 
5 availableoxygenandprotectthesilverlayer. 5 

When all the additional metal is applied over the silver layer, it is prefered to use, as the additional metal, 
aluminium orzinc. When the additional metal is applied partly over the silver and partly under the silver, it is 
preferred to use, as the additional metal, aluminium, zinc ortitanium. 

In a particularly preferred embodiment of the invention, the additional metal is aluminium in an amount 
10 equivalents a layer 5 nm to 10 nm thick. It is especially preferred, forreasonsof convenience, todepositall to 
the aluminium over the silver layer. 

The silver layer in the coating preferably has a thickness of 5 nm to 20 nm. 

The anti-reflection layer of metal oxide over the additional metal overlying the silver is preferably a layer of 
tin oxide, titanium oxide, indium oxide (optionally doped with tin oxide), bismuth oxide, zinc oxide or 

1 5 zirconium oxide. If desired, a mixture of two or more metal oxides may be used. The total thickness of any j 5 
oxide layers overlying the silver layer after bending and/or toughening of the glass, that is, thethickness of 
any ant-reflection metal oxide layers overlying the silver layer plus the thickness of the oxidised additional 
metal over the silver, will usually be in the range from 10nmto80nm,and preferably from 20nmto60nm. 
If desired, an anti-reflection layer may be deposited onto the glass before the silver layer or any layer of 

20 additional metal underthe silver to increase the lighttransmission of the product. When suchan 20 
anti-reflection layer is deposited, it may conveniently be a metal oxide layer, for example any of the metal 
oxides described above for use as an anti-reflection layer over the silver layer. This underlayer may serve, not 
only as an anti-reflection layer, but also as a primer layer to improve the adhesion of the silver layer to the 
glass. It will usually have a thickness in the range 1 0 nm to 80 nm, especially 20 nm to 60 nm, although, in any 

25 particular case, the thickness will depend on the metal oxide chosen and the colou r and other properties 25 
desired in the product. If desired, a succession of two or more anti-reflection layers of similar total thickness, 
i.e. usually 1 0 nm to 80 nm especially 20 nm to 60 nm, may be used underthe silver layer. 

The coating may be applied to the glass substrate by sputtering the required metal layers, including the 
silver layer, in the appropriate sequence in an inert atmosphere and reactively sputtering an anti-reflection 

30 layer of metal oxide over the additional metal overlying the silver. The sputtering operations may be 30 
magnetically enhanced. 

According to a further aspect of the invention there is provided a coated glass substrate with a coating 
comprising a si I ver layer 5 nm to 30 nm thick, a layer of additional metal selected from aluminium, titanium, 
zincand tantalum overthe silver layer, and an anti-reflection metal oxide layer over said additional metal 
35 which coated glass substrate, when subjected to a bending and/ortoughening cycle in whichthe glass is 35 
heated in airto a temperature above the softening temperature of the glass, develops an increased light 
transmission. 

The invention further provides a coated glass substrate with a coating comprising a layer of additional 
metal selected from aluminium, titanium, zinc, tantalum and zirconium, a silver layer 5 nm to 30 nm thick 
40 overthe layer of additional metal, afurtherlayerof additional metal selectedfrom aluminium, titanium, zinc, 40 
tantalum and zirconium overthe silver layer, and an anti-reflection metal oxide layer over saidfurther layer of 
additional metal which coated glass substrate when subjected to a bending and/ortoughening cycle in which 
the glass is heated in airto a temperature above the softening temperature of the glass, develops an 
increased lighttransmission. 

45 The present invention also provides, as new products, bent and/ortoughened silver-coated glasses which 45 
have a lighttransmission of at least 80% of that of the glass substrate. When aluminium is used as the 
additional metal (whether applied overthe silver or both over and underthe silver), it is found to be present in 
the bent and/or toughened product in oxidised layers over and underthe silver. When titanium,tantalum and 
zirconium are used, and are applied both over and underthe silver layer, they are found to be present in the 

50 bentand/ortoughed product in oxidised layers over and underthe silver. Titanium and tantalum arealso 50 
effective when applied only overthe silver layer; in this case, they are found to be present in the bent and/or 
toughened product in oxidised layers overthe silver layer. When zinc is used as the additional metal (whether 
applied overthesilver or both over and under the silver), oxidised zincisfound to be present in the bent 
and/ortoughened product distributed through the layers of the coating. 

55 Thus, according to a further aspect of the present invention, there is provided a bent and/ortoughened 55 
silver coated glass substrate having a lighttransmission of at least 80% of that of the uncoated glassthe 
coating comprising an anti-reflection metal oxide layer, an oxidised layer of metal selected from aluminium, 
titanium, tantalum and zirconium overthe anti-reflection layer, a silver layer 5 nm to 30 nm thick over said 
oxidised metal layer, a further oxidised layer of metal selected from aluminium, titanium, tantalum and 

60 zirconium over said silver layer, and an overlying anti-reflection metal oxide layer, the said two layers of 60 
oxidised metal having a combined total thickness in the range 8 nm to 30 nm. Preferably, each of the said two 
oxidised layers of metal has a thickness in the range 4 nm to 1 5 nm. 

According to a still further aspect of the present invention, there is provided a bent and/ortoughened 
silver-coated glass substrate having a lighttransmission of at least 80% of that of the uncoated glass, the 

65 coating comprising an anti-reflection metal oxide layer, a silver layer 5 nm to 30 nm thick over said 65 
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anti-reflection layer,and an oxidised layer of titanium ortantalum over said silver layer, and anoverlying 
anti-reflection metal oxide layer, the said layer of oxidised metal having a thickness in the range 8 nm to 30 
nm. 

According to a still further aspect of the present invention, there is provided a bent and/ortoughened 
5 silver-coated glass substrate having a lighttransmission of at least 80% of that of the uncoated glass, the 5 
coating comprising an anti-reflection metal oxide layer, a silver iayerB nm to 30 nm thick over said 
anti-reflection layer, and an overyiing anti-reflection metal layer, with oxidised zinc distributed through all 
the layers of the coating. The oxidised zinc is preferably present in anamount equivalent to a layer of zinc4 
nmto15nmthick. 

10 The bentand/ortoughened glasses of the invention preferably havea lighttransmission of at least 70%. 10 
The present invention enables bent and/ortoughened silver coated glass substrates, with a high light 
transmission and a lowemissivity (high infra red reflectivity) to be prepared by a process in which the silver 
coating is applied to flat annealed glass which is subsequently bent or toughened. This has two important 
practical advantages. First, the glass may be coated in stock sizes which are subsequently cut down and bent 

15 ortoughened as required. Second, the coating is applied to the glass while it is fiat, so avoiding the problems 15 
of forming uniform coatings on a curved glass substrate. 

In the present specification and claims, the values quoted for lighttransmission are for transmission of 
lightfrom a CLE. Illuminant C Source. The values of emissivity quoted are those obtained by applyingthe 
formula 

20 20 
Em,SS,Vlty ' E = ^B(X,T)dX 

25 where e x = spectral omittance 25 
and B(X,T) = black body spectral energy distribution at300°K. 

Forboth lighttransmission and emissivity, the measurements were made with the radiation sourceonthe 
coated side of the glass. 

30 It is well known in the art that very thin layersof metal and metal oxide, particularly layers lessthan about 5 30 
nm thick, may not be continuous, and it will be understood that the expression 'layer' is used herein to refer 
to both continuous and non-continuous layers. Moreover, analysis of coatings comprising a plurality of thin 
layersof metal and/or metal oxide on a glass substrate generally indicates a substantial overlap or merging 
of adjacent layers so that there is no clear boundary between them; this overlap or merging is particularly 

35 marked when the layers are deposited by a high energy process such as magnetically enhanced sputtering. 35 
The layer thicknesses referred to in the specification and claims are the equivalent thickness of the 
continuous layers that would beformed by the material present assuming no overlap with adjacent layers. 

To calculate the amounts of additional metal deposited in the practice of the present invention, the bent 
and/or toug hened products have been analysed.by Auger electron spectroscopy and the thickness of the 

40 oxidised layers of additional metal determined from the results of the analysis. First, the atomic% of each 40 
elementdetectedintheAugeranalysis is plotted against etch time to give an Auger depth profile. Then the 
area under the curve (or curves in the case in which layers of additional metal are present both under and 
overthe silver) for additional metal is equated to the area of a rectangle (or rectangles) whose height 
correspondstotheatomic%of additional metal present in the additional metal oxide in which the oxidation 

45 state of the additional metal is equal to that observed in the Auger analysis. The thickness of the layer or 45 
layers of additional metal oxide is then calculated from the width of the rectangle(s). 

The thickness of the layersof additional metal equivalent to the thickness of the layers of additional metal 
oxide determined in this way is then calculated from the known bulk densities of the additional metal and 
particular oxide of the additional metal found to be present However, on the basis of experience, the 

50 additional metal oxide is assumed, forthe purpose of the calculation, to have a bulk density of 80% of its 50 
known buikdensity. 

As noted earlier, it is known that certain additional metals, deposited over the silver layer, migrate through 
the silver layer on bending and/or toughening. 
In cases in which all the additional metal has been deposited over the silver, the thickness of the original 

55 layer of additional metal deposited is determined by calculating the thickness of the single layerthat would 55 
be formed by the total additional metal found to be present in thef inal product. In cases in which the 
additional metal is deposited partly under the silver layer and partly over the silver layer, the thickness of the 
layers of additional metal originally present are similarly calculated from the results of the analysis, 
assuming no net migration of the additional metal through the silver on toughening. 

60 For most of the additional metals used, the results calculated are reasonably consistent with predictions of 60 
layerthicknesses based on the sputtering time and conditions used in the deposition of the layers of 
additional metal, although deviations of up to 25% between the calculated thickness and the predicted 
thickness are not uncommon. Except in the case of zinc, the calculated thicknesses are believed to be more 
reliable than the predicted thicknesses. In the case of zinc, the calculated thicknesses are about half the values 

65 of the predicted thicknesses; the zinc is found, in the Auger analysis, to be "smeared out" throughoutthe 
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coating (but with a maximum concentration immediately above the coating). It is believed that, with the 
"smeating out ", the calculation of thezincconcentration may not be very reliable and thepredicted values 
are to be preferred. They have therefore been given, in brackets, next to the calculated values. 
Theinvention is illustrated but not limited by the following Examples. Unless otherwise indicated, the layer 
5 thicknesses quoted in the Examples for the additional metal oxide and additional metal are calculated as 5 
indicated above from Auger electron spectroscopy analysis of bent and/ortoughened coated products, in 
which the additional metal present has been substantially oxidised. The thicknesses of the silver layers and 
anti-reflection tin oxide are similarly calculated from the Augeranalysis in conventional manner. 

10 Examples 1-11 10 
In each of these Examples, a pane of float glass was prepared for coating by washing and drying and 
loaded into a DC planar magnetron sputtering apparatus. For Examples 1 to 9 and 1 1 , an Airco ILS 1 600 
apparatus was used; for example 10, a Nordtko IMS 2500 apparatus was used. 
A layer of tin oxide was reactively sputtered onto the glass surface from a tin cathode in the presence of an 

15 oxygen atmosphere at 5 x lO" 3 torr.lnsomecasesalayerofadditionalmetalwassputteredontothetin 15 
oxide layer from a cathode of the additional metal in the presence of an argon atmosphere at 4 x 1 0~ 3 torr. A 
layerof silverwas then sputtered onto the tin oxide from a silver cathode in the presence of argon at 4 x 10 3 
torr and a layer of additional metal was sputtered onto the silver from a cathode of the additional metal in the 
presence of argon at 4 x 1 0" 3 torr. Finally, a layer of tin oxide was reactively sputtered over the additional 

20 metal from a tin cathode in the presence of an oxygen atmosphere 5 x 10" 3 torr; and the light transmission 20 
and emissivity of the product was measured. The thickness of the substrate used and the layers deposited 
(determined as explained above) are shown in Table 1 , together with the light transmission and emissivity of 
the resulting products. 

Each coated glass was suspended on tongs in a furnace maintained at 725°Cand withdrawn when it 
25 reached the desired temperature fortoughening. Immediately after removal of each glass from thefurnace, 25 
the glass was rapidly cooled and toughened by blowing air at ambient temperature on to the glass surface. 
The residence times in the furnace and approximate glass temperature achieved (measured using an infra 
red radiation thermometer) are shown in Table 2 together with the light transmission and emissivity of the 
coated products. The light transmission and emissivity of the products prior to heating are shown in 

30 brackets. 30 
In each case, not only is the light transmission maintained on toughening, but it actually increases,for 
example, by 28.4% of its original value in Example 1 . The emissivity may also be improved, as in Example 1 , 
where it is reduced from 0.1 7 to 0.1 0 on toughening, although in some cases, as in Example 8, there is an 
increase in emissivity on toughening. In each.case, the light transmission before toughening is substantially 

35 lower than would be achieved following the teaching of GB 2,129,831 to produce a product of optimum light 35 
transmission. 

The thicknesses of the oxidised layers of additional metal found in the toughened products, determined as 
described above, are shown below forthe products made using aluminium, titanium, zirconium and 
tantalum as the additional metal. 



40 



Example Oxidised layerof Oxidised layer of 

additional metal below additional metal above 
silver (nm) silver (nm) 
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In Examples 7,8 and 1 1 , made using zinc as the additional metal, oxidised zinc was found to be "smeared 
55 out" i.e. distributed through all the layers of the coating in the toughened product 55 
In a comparative Example, a 4 mm pane of float glass was coated with a coating comprising successive 
layers of tin oxide, silver, aluminium and tin oxide in accordance with the teaching of U.K. patent 
specification GB 2 1 29 831 ; the amount of aluminium used was, in accordance with the GB patent 
specification, just sufficient to achieve the required low emissivity while obtaining a coating of the maximum 
60 possible lighttransmission. The emissivity of the coating was 0.1 and the light transmission of the coated 60 
glass was 86.8%. 

The coated glass was toughened as described above. The residencetime in thefurnace was 180seconds 
and the glass achieved a temperature of approximately 650°C. Aftertoughening, the coated glass wasfound 

to have an increased emissivity of 0.48 and a reduced lighttransmission of 79%. 
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Example 12 * 

A pane of float glass 6 mm thick was prepared for coating by washing and drying and loaded onto an Airco 
1LS 1600 D.C. planar magnetron sputtering apparatus. 
Tin oxide was reactively sputtered onto the glass surface from a tin cathode in the presence of an oxygen 
5 atmosphere at 5 x 1 0~ 3 torr to give a tin oxide layer 40 nm thick. A layer of silver 1 0 nm thick wasthen 5 
sputtered onto the tin oxide from a silver cathode in the presence of argon at4 x 10" 3 torr and aluminium 
was sputtered onto the silverfrom an aluminium target inthe presence of argon at4 x 10~ 3 torrto give an 
aluminium layer 6 nm thick. Finally a layer of tin oxide 40 nm thick was reactively sputtered overthe 
aluminium from a tin cathode in the presence of an oxygen atmosphere at 5 x 1 0~ 3 torr. The resulting 
10 product was found to have a light transmission of 50% and an emissivity of 0.26. 10 
The glass wasthen suspended on tongs and lifted into afurnace set at 725°C. It was withdrawn after240 
seconds at which stage its temperature was measured at 650°C. The sample was immediately toughened by 
blowing air at ambient temperature onto the hot glass surface. The resulting toughened glass product had a 
light transmission of 78% and an emissivity of 0.1 1 . 
15 In this Example, the layer thicknesses quoted were derived, by extrapolation, from the measured layer 15 
thicknesses of the same material deposited under similar sputtering conditions with appropriate allowance 
fordifferent sputtering times. 

Example 13 

20 A pane of grey body coloured float glass 6 mm thick (light transmission 40.8%) was coated with a tin 20 
oxide/silver/zinc/tin oxidecoating of a composition similar to that described in Example 8. ltwasfoundto 
have a light transmission of 27.8% and an emissivity of 0.1 6. The coated glass was then toughened as 
described with reference to Examples 1 to 1 1 ; the residence time in the furnace was 245 seconds and the 
glass temperature achieved was approximately 650°C. Aftertoughening, the coated glass was found to have 

25 a increased light transmission of 36%, being approximately 88% of the lighttransmission of the baseglass, 25 
and an emissivity of 0.36. The increase in the lighttransmission of the glass on toughening was 29.5% of the 
transmission before toughening. 

Example 14 

30 A pane of blue body coloured float glass 6 mm thick (light transmission 56%) was coated with a tin 30 
oxide/silver/zinc/tin oxide coating of a composition similar to that described in Example 8. It was found to 
havea lighttransmission of 28.3% and an emissivity of 0.13. Thecoated glass was then toughened as 
described with reference to Examples 1 to 1 1 ; the residence time in the furnace was 250 seconds and the 
glass temperature achieved was approximately 645°C. Aftertoughening, the coated glass was found to have 

35 an increased lighttransmission of 43.8%, being approximately 78% of the lighttransmission of the base 35 
glass, and an emissivity of 0.25. The increase inthe lighttransmission on toughening was 54.7% of the 
transmission before toughening. It will be noted that the zinc is apparently not quite so effective in protecting 
the coatings on body coloured glass in Examples 1 3 and 1 4 as the coating on clear float glass in Example8. 
Thus, in Example 1 3 and 1 4, the light transmissions of the toughened products are 88% and 78% of the 

40 transmissions of the respective uncoated glasses, while in Example 8 the light transmissions of the 40 
toughened product is approximately 93% of the lighttransmission of the uncoated glass. This maybe 
becausethe glasses of Examples 13 and 14are thicker than the glass of Example 8 andtherefore requirea 
longer residence time in thefurnace for toughening, so that the amount of additional metal such as zinc 
required for optimum protection is greaterthan that used in Example8. 



45 
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Example 15 

A pane of clearfloat glass 2.3 mm thick was coated with successive layers of tin oxide, silver, aluminium 
and tin oxide as described in Example 1 2 using a Temescal in line D.C. magnetron architectural flat glass 
coaterto give a coated pane having a lighttransmission of 60%. The coated pane was placed on a ring mould 
50 and transported through a graduated furnace where it was heated in successive stages to a maximum 50 
surface temperature of 600°C. The coated pane sagged in thefurnace to the required curvature. It was 
withdrawn from the furnace and annealed. The bent, coated pane was found to have a light transmission of 
84%. 

The emissivity of the coated glass was not measured. However, the sheet resistance of the coating, which 
55 is generally related to emissivity, was measured before and after bending. Before bending it was 8 ohms per 55 
square and after bending it varied between 5 and 8 from thefurnace and annealed. The bent, coated pane was 
found to have a lighttransmission of 84%. 

The emissivity of the coated glass was not measured. However, the sheet resistance of the coating, which 
is generally related to emissivity, was measured before and after bending. Before bending it was 8 ohms per 
60 square and after bending it varied between 5 and 8 ohms per square, corresponding to an emissivity of less 60 
thanO.l.The maintenance of a low sheet resistance, which generally accompanies a low emissivity, isan 
important advantage of the invention, and enables the coatings on bent and/ortoughened coated glasses of 
the invention to be used for heating e.g. in vehicle windows. When the coating is to be used for heating in a 
vehicle window, e.g. a windscreen,the coated glass will be usually laminated, with the coating inwards,after 
65 bending. 



65 
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Table 1 



Example Glass Additic 
thickness metal 
(nm) 



10 

1 3 Al 

2 4 Al 

3 10 Al 

4 3 Ti 
15 5 4 Ti 

6 4 Ti 

7 4 Zn 

8 4 • Zn 

9 4 Zr 
20 10 4 Ta 

11 4 Zn 



Thickness Thickness Thickness Thickness Thickness Light 


Emissi- 




of lower 


of add- 


of silver 


ofadd- 


of upper 


transmission 


vity 


5 


tin oxide 


itional 


layer (nm) itional 


tin oxide 


<%) 






layer (nm) metal 




metal 


layer (nm) 










layer 




layer 












under 




over 












silver 




silver (nm) 








10 


36 




9.1 


5.5 


36 


68.8 


0.17 




35 


7.0 


10.5 


4.6 


36 


49.0 


0.11 




41 




11.0 


14.0 


41 


46.2 


0.22 




40 




7.5 


6.8 


37 


64.5 


0.12 




39 


5.5 


8.0 


6.0 


33 


63.4 


0.15 


15 


35 




10.1 


8.5 


35 


48.0 


0.30 




50 




8.0 


7.8(7.9) 


54 


38.0 


0.10 




39 




9.4 


7.1 (8.6) 


38 


43.0 


0.19 




40 


4.0 


8.0 


4.2 


38 


64.0 


0.09 




37 




11.1 


5.6 


37 


55.0 


0.09 


20 


44 


* 


8.3 


* 


42 


67.0 


0.15 





♦Because the zinc distribution is "smeared out" through the coating (although showing a maximum 
concentration above the silver) it is not possible to distinguish, in the analysis, zinc deposited above the silver 
25 from zinc deposited below the silver. Thetotal amount of zinc deposited above and belowthe silver was 25 
calculated as equivalents a layer 4.6 nm thick; the zinc layer thicknesses predicted from the sputtering 
conditions and times were 3.4 nm belowthe silver and 4.8 nm above the silver. 



Table 2 

30 



Example 


Residence time 


Glass 


Light transmission 


Light transmission 


Emissivity 


seconds 


Temperature (°C) 


{%) 


of uncoated glass 










<%) 




35 1 


75 


600 


88.3(68.8) 


89.5 


0.10(0.17) 


2 


180 


650 


78.0(49.0) 


88.7 


0.10(0.11) 


3 


320 


670 


75.9(46.2) 


83.8 


0.20(0.22) 


4 


160 


640 


73.8 (64.5) 


89.5 


0.18(0.13) 


5 


180 


650 


78.4(63.4) 


88.7 


0.13(0.15) 


40 6 


180 


650 


70.0(48.0) 


88.7 


0.26(0.30) 


7 


180 


650 


77.0(38.0) 


88.7 


0.15(0.10) 


8 


180 


650 


82.4(43.0) 


88.7 


0.28(0.19) 


9 


180 


650 


73.0(64.0) 


88.7 


0.07(0.09) 


10 


180 


650 


78.0(55.0) 


88.7 


0.11(0.09) 


45 11 


180 


650 


84.3(67.0) 


88.7 


0.21 (0.15) 
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CLAIMS 

50 1 . A process for the production of a bent and/or toughened silver coated glass substrate which comprises 50 
subjecting a glass substrate with a coating comprising 
a silver layer 5 nm to 30 nm thick, 

a layer of additional metal selected from aluminium, titanium, zinc and tantalum over the silver layer, 
and an anti-reflection metal oxide layer over said layer of additional metal 
55 toabending and/or toughening cycle in which it is heated to a temperature above the softening pointofthe 55 
glass, whereby thecoated glass develops an increased lighttransmission during the bending and/or 
toughening cycle. 

2. A process for the production of a bent and/or toughened silver coated glass substrate which comprises 
subjecting a glass substrate with a coating comprising a layer of additional metal selected from aluminium, 
60 titanium, zinc, tantalum and zirconium over the substrate, 60 
a silver layer 5 nm to 30 nm thick over said layer of additional metal, 

afurther layer of additional metal selected from aluminium, titanium, zinc tantalum and zirconium over the 
silver layer, 

and an anti-reflection metal oxideiayeroversaidfurtherlayerof additional metal 
65 to a bending and/or toughening cycle in which it is heated to a temperature above the softening point of the 65 



8 



GB 2 186 001 A 



8 



glass, whereby the coated glass develops an increased light transmission during the bending and/or 
toughening cycle. 

3. A process according to claim 1 or claim 2 wherein the coated glass develops an increased light 
transmission of at least 70% during the bending and/ortoughening cycle. 
5 4. A process according to any one of the preceding claims wherein the coated glass develops an 5 
increased light transmission of at least 80% of the light transmission of the uncoated glass during the 
bending and/or toughening cycle. 

5. A process according to any of the preceding claims which comprises heating a coated soda limesilica 
glasssubstrate in air at a temperature in the range 570°Cto 620°C, allowing itto sag in a mold of desired 

10 curvature, and annealing the bent glass. 10 

6. A process according to any of claims 1 to 4 which comprises heating a coated soda lime silica glass 
substrate in air at a temperature in the range 600°C to 670°C, optionally bending the glass and rapidly cooling 
the glass to toughen it. 

7. A process according to claim 6 wherein the glass is rapidly cooled by blowing air onto the glass 

15 surface. 15 

8. A process according to any of the preceding claims wherein the amount of additional metal used is 
regulated in accordance with the temperature to which the glass is heated and the duration of the heating 
cycle employed in the bending and/ortoughening cycle, to maximise the light transmission of thetoughened 
and/or bent product. 

20 9. A process according to any of the preceding claims wherein the total amount of said additional metal 20 

present is such thatthe light transmission of the coated glass Increases by at least 1 0% of its original value on 

bending and/ortoughening. 
10. A process according to any of the preceding claims wherein the total amount of additional metal is 

sufficient to provide a single metal layer having a thickness in the range 4 nm to 1 5 nm. 
25 11. A process according to any of claims 1 and 3 to 10 as dependent on claim 1 wherein the additional 25 

metal is aluminium or zinc. 

1 2. A process according to any of claims 2 and 3 to 1 0 as dependent on claim 1 wherei n the additional 
metal is aluminium, zinc or titanium. 

1 3. A process according to any of the preceding claims wherein the additional metal is aluminium in an 

30 amount equivalent to a layer 5 nm to 10nm thick. 30 

14. A process according to any of the preceding claims wherein the silver layer has a thickness of 5 nm to 
20 nm. 

15. A process according to any of the preceding claims wherein the total thickness of any metaloxide 
layers overlying the silver layer after bending and/ortoughening of the glass is from 20 nm to 60 nm. 

35 1 6. A process according to any of the preceding claims wherein a layer or layers of metal oxide is 35 
provided between the glass and the silver layer. 

17. A process according to claim 1 6 wherein the total thickness of any oxide layers between the glass and 
the silver layer is from 20 nm to 60 nm. 

18. A process for the production of a bent and/ortoughened silver coated glasssubstrate wherein the 

40 lighttransmission of the coated glass increases on bending and/ortoughening substantially as hereinbefore 40 
described in any of the Examples. 

1 9. A bent and/ortoughened silver coated glass substrate produced by a process according to any of the 
preceding claims. 

20. A coated glass substrate with a coating comprising 

45 a silver layer 5 nm to 30 nm thick, 45 
a layerof additional metal selected from aluminium, titanium,zinc and tantalum over the silver layer, 
and an anti-reflection metal oxide layer over said additional metal which coated glasssubstrate, when 
subjected to a bending and/ortoughening cycle in which the glass is heated in air to a temperature abovethe 
softening temperature of the glass, develops an increased lighttransmission. 

50 21. Acoated glass substrate with a coating comprising a layer of additional metal selectedfrom 50 
aluminium,titanium,zinc, tantalum andzirconium, a silver Iayer5 nmto 30nm thick overthe layerof 
additional metal, a further layer of additional metal selected from aluminium, titanium, zinc, tantalum and 
zirconium overthe silverlayer, andan anti-reflection metal oxide layerover said further layer of additional 
metal which coated glass substrate, when subjected toa bending and/ortoughening cycle in which the glass 

55 is heated in airto a temperature abovethe softening temperature of the glass, develops an increased light 55 
transmission. 

22. Acoated glasssubstrate according to claim 20 or claim 21 which develops an increased light 
transmission of at least 70% during the bending and/ortoughening cycle. 

23. A coated glass substrate according to any of claims 20 to 22 which develops an increased light 

60 transmission of at least 80% of the lighttransmission of the base glass during the bending and/ortoughening 60 
cycle. 

24. A coated glass substrate according to any of claims 20 to 23 wherein the total amount of said 
additional metal present is such thatthe lighttransmission of the coated glass increases by at least 10% of its 
original value on bending and/ortoughening in air. 
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25. A coated glass substrate according to ^ 

metal is sufficient to provide a single metal layer having a thickness in the range 4 nm to 1 5 nm. 

26. Acoatedglasssubstrateaccordingtoanyofclaims20and22to25asdependentonclaim20wherein 

theadditionalmetalisaluminiumorzinc. . . 

5 27. A coated glass substrate according to any of claims 21 and 22 to 25 as dependent on claim 21 wherein 5 
the additional metal is aIuminium,zincortitanium. _ , 

28. A coated glass substrate to any of claims 20 to 27 wherein the additional metal is aluminium in an 
amountequivalenttoalayer5nmto10nmthick. - 

29. Acoatedglasssubstrateaccordingtoanyofclaims20to28whereinthesilverlayerhasathicknessof 

10 5n 3 mto j^^ 

oxidelayersoverlyingthesilverlayerafterbendingand/ortougheningoftheglassisfrom20nmto60^ 
31. Acoatedglasssubstrateaccordingtoanyofclaims20to30whereinalayerorlayersofmetaloxideis 

provided between the glass and the silver layer. 
15 32. Acoatedglasssubstrateaa:ordingtoclaim31whereinthetotalthicknessofanymetaloxidelayers 15 

between the glass and the silver layer is from 20 nm to 60 nm. 
33. Afiatannealedsilver-^atedglasssubstratehavingalighttransmissionoflessthan70%substantially 

as hereinbefore described in any ofthe the Examples. '♦ono/-* 
34 A bent and/ortoughened silver-coated glass substrate having a light transmission of at least 80 /o of 

20 that ofthe uncoated glass the coating comprising an anti-reflection metal oxide layer, an oxidised layer of 20 
metal selected from aluminium, titanium, tantalum and zirconium over the a nti-ref lection layer, a silver layer 
5nmto30nmthickoversaid oxidised metal layer, a further oxidised layer of metal selected from aluminium, 
titanium, tantalum and zirconium over said silver layer, and an overlying anti-reflection metal oxide layer, the 
saidtwolayersofoxidisedmetalhavingacombinedtotalthicknessintherange8nmto30nm. 

25 35. A bent and/ortoughened silver-coated glass substrate according to claim 34 wherein each ofthe said 25 
two oxidised layers of metal has a thickness in the range 4 nm to 1 5 nm. 

36 A bent and/ortoughened silver-coated glass substrate having a light transmission of at least 80 M of 
the uncoated glass, the coating comprising an anti-reflection metal oxide layer, a silver layer 5 nm to 30 nm 
thick over said anti-reflebtion layer, and an oxidised layer of titanium ortantalum over said silver layer,and 

30 an overlying anti-refiection metal oxide layer, the said layer of oxidised metal having a thickness in the range 30 

8 nm to ^ 0 b ^ t * and/ortougnened s iiver-coated glass substrate having a light transmission of at least 80% of 
the uncoated glass, the coating comprising an anti-reflection metal oxide layer, a silver layer 5 nm to 30 nm 
thick over said anti-reflection metal layer and an overlying anti-reflection metal layer, with oxidised zinc 
35 distributed through all the layers ofthe coating. m . _ + . Qn 

38. A bent and/ortoughened silver-coated glass according to claim 37, wherein the zinc is present in an 
amountequivalenttoaIayerofzinc4nmto15nmthick. 

39. A bent and/ortoughened silver-coated glass according to any of claims 35 to 38 having a light 

transmission of at least 70%. ^u^; nQ nu An 

40 40. A bent and/ortoughened silver-coated glass substrate substantially as hereinbefore described in any 40 

ofthe Examples. 
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